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Energy harvesting is the key to self-sufficient
microelectronic devices

* Wireless communications devices
 Digital signal processes
* Wireless sensors
— Structural health monitoring
— Damage prognosis




The Theory

because knowing is half the battle

Voltage applied to PZT
element:

Its dimension will change

A PZT element is
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Voltage is related to the physical properties of the PZT
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The auxiliary structure is tuned to its first bending mode

Let’s write the slope in terms of tip displacement,
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The motion of the coupled host structure and PZT can

be expressed as a 2-DOF linear system
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Assume the auxiliary structure is perfectly tuned to its

host structure:
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Approach/Experimental Setup
What are we harvesting energy from??
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— Base Plate: 760 mm x 610 mm




Experimental Setup
Learning the dynamic characteristics of our h(_)st structure
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The Tuning Procedure
What Location? What Frequency?
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Sample auxiliary structures

12



2

Q
"

©
=y

=
=
- ‘l
@)
=

Mounting the Auxiliary Structure...

Auxiliary Structure
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lteration #1

L -~ PZT (on untuned auxiliary structure)
— Accelerometer (at auxiliary structure
mounting point)
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Yiewport: 1 ODB: d./ TEMP/JeffsAnim.odb Yiewport: 1 ODB: d./ TEMP/JeffsAnim.odb
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Magnitude [ V/LBF ]
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lteration #3

—— Accelerometer

Point Mass = 0.69 gm
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lteration #5

—— Accelerometer

Point Mass = 0.62 gm
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Magnitude [ V/LBF ]
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Tuned and Mistuned PZT FRFs

— Untuned
— Tuned
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Frequency of Peak Strain [ Hz ]
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FRF peaks do NOT merge

—— High Frequency Mode
- |_ow Frequency Mode
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A tuned auxiliary structure demonstrates increased
open-loop voltage output
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Impedance-matching shows optimal PZT loading

Power [ W ]
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FRFs of large magnitudes increase auxiliary structure efficiency
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FRFs of large magnitudes increase auxiliary structure efficiency
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Enhanced power harvesting can be achieved
using a tuned auxiliary structure

« Even mistuned auxiliary structures are beneficial
* Important parameters

— Magnitude of mode shape at auxiliary structure’s
location

» Considerations for other applications
— Time invariance
— Input force characteristics
— Auxiliary structure geometric constraints
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Recommendations

» Single variable analysis of auxiliary
structures

— Length
— Thickness
 PZT patch size
* Multiple PZT patches
— In parallel (increase current)
— In series (increase voltage output)
* Circuit optimization
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